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Abstract
A new approach for procuring logging residues has been introduced, in which the residues are 
compacted into cylindrical bales known as composite residue logs (CRLs). Some large-scale 
productivity studies have been undertaken on different bundling machines, and preliminary 
calculations on the possible benefits associated with bundling have been based on limited 
material or on prototypes.
The aims of the study presented here were to measure the effects of concentrating forest fuel 
on bundling productivity with a WoodPac machine and to test if there was a difference between 
bundling logging residues and small stems.
The results show that the WoodPac machine produced 19.3 bundles per effective hour (E0), 
equivalent to 28.5 MWh, in a clear-cut spruce stand. Productivity was not influenced by the 
amount of green mass as long as there was more than 5 Mg per 100 m driving distance and 
the material was collected in heaps. About 20% of the handled material was shaved off, main-
ly as fine material, so 24% more was handled than appeared in the bundles. Productivity could 
be raised to 24 bundles per E0 with logging residues, but with young stems the productivity 
may be 50% lower. Forwarding bundles was at least 2.5 times more productive than forward-
ing loose logging residues.
In conclusion, bundling could be of interest when economical and environmental aspects of 
the whole chain are considered.
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ed	slash	(Johansson	et	al.	2006,	Engblom	2007,	Spi-
nelli	et	al.	2012),	but	the	extra	cost	for	specialised	ma-
chines	 is	 not	 favoured	 in	 the	 practise	 although	
transport	distances	of	more	 than	60	km	may	need	
some	compaction	of	the	logging	residues	to	be	of	eco-









machines (Brunberg et al. 1990). At extraction of slash, 









Three basic chains for bio fuel handling can be 
used;	(i)	Maintain	pieces	whole	and	chip	them	just	






losses	may	occur.	 In	 the	second	case	 long	distance	
transport	costs	may	be	reduced	compared	to	not	treat-
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advantage of this is that a small bunch of trees or log-
ging	residues	can	be	kept	together	from	the	forest	to	
the	factory	where	the	bunch	can	be	processed	(Schiess	
















13,000 hectares of lanes are cleared (Jonsson et al. 



































and bundling is done at the harvesting site to facilitate 
handling	 for	 transporting	 the	 forest	 fuel.	The	sixth	
type	is	a	lorry	mounted	compression	unit,	which	com-
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3. Material and Methods










spruce	(Picea abies (L.) Karst.),	32%	Scots	pine	(Pinus 
silvestris L.),	and	2%	deciduous	trees,	was	extracted	











basal	 area	 of	 the	 552	 piles	 produced	was	 4.06	m²	
(s. dev. 1.4), assuming that the basal area formed a 
circle,	and	the	average	height	was	0.76	m	(s.	dev.	0.18),	
so	the	average	volume	was	about	1.5	m3.





the 22nd and 23rd	of	May	2002,	and	the	coppicing	crew	
were	instructed	to	fell	trees	perpendicular	to	the	pow-
er	line	to	allow	them	to	be	easily	picked	up	by	the	
bundling	machine.	 The	 regeneration	was	 a	mixed	
birch	(60%)	and	pine	(30%)	stand	with	8,000	stems	ha–1	
and,	according	to	calliper	measurements,	an	average	
diameter at breast height (Dbh) of 1.7 cm (four cir cular 
plots).	Some	larger	pines	with	Dbh	6.5	cm	were	also	
present.	Bundling	was	done	along	a	route	in	the	area	






Fig. 1 Woodpac during release of the compression chamber. (A) Fabricated CRL can be seen in the foreground. From the power line; (B) Front 
frame of WoodPac. (Photo: I. Wästerlund)
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Hultdin	28	slash	grapple.	The	operator	had	had	sev-
eral	years	of	experience	with	this	machinery.	The	eight	






















































Table 1 Moisture content measured in 28 heaps of logging residues 
before bundling, five CRLs after production and five CRLs composed 












S. dev. 4.4 5.2 2.5
Table 2 Description of time elements used to analyse bundling work
Priority Work element Description
1 Crane cycle
From when crane starts to move from the machine to grip material until the grip drops material into the bundler (or 
stops moving for other work to be done on the machine)
2 Feeding
Time when the grip is used to press down material into the bundler or the operator disperses material for the 
bundler
3 Tying Time from when twine dispenser starts until the bundling chamber opens to eject a CRL
3 Unloading From the time the chamber opens until it is closed again
4 Driving From the time the wheels start to move until they stop or a higher priority element starts
5 Miscellaneous Productive time used for other essential tasks
6 Bundling Time when logging residues are being compressed and no higher priority work is being done
7 Bundler delays Non-productive time caused by problems with bundling machine, not included in the study
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tances travelled and the mass of the loads. The time 
elements	used	in	the	analysis	are	shown	in	Table	3.	
Four	loads	were	analysed	in	this	way.
3.5 Complementary studies Småland

































Table 3 Work elements and priorities for the time study on forwarding bundles
Priority Work element Description
1 Crane out
From the time the crane starts to move from rest point to grip material until the grip grasps the material (or the crane 
is stopped for driving)
1 Crane in
From when the grip has grasped the material, and lifts it, until it drops it into the machine (or the crane is stopped, 
before the machine is moved to collect more material)
2 Re-gripping Time when the crane moves to grip again, or carry more material within a crane cycle
3 Driving to area
Time from when the wheels start to move at the landing until they stop for material to be collected, or a higher 
priority element starts
3 Driving within area
From when the wheels start to move until the wheels stop or a higher priority element starts. Only includes driving 
within harvesting area
3 Driving to landing
From when the wheels start to move after the last crane cycle on the bundling area until the wheels stop at the 
landing, or a higher priority element starts. Only includes driving after leaving loading area, when machine is full
4 Miscellaneous Time required for other essential tasks
5 Delays Non-productive time, not included in the study
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occurred	 in	 the	bundler)	 indicates	 that	 the	 system	
could	be	improved.
Table 4 Productivity when bundling logging residues and young 















368 8.83 19.3 5.2




350 17.63 10.1 2.6
S. dev. 37.6 3.90 1.60 0.52
Fig. 2 Effective time required to produce 1 Mg of bundles plotted against distance driven to collect the material for the bundles produced 
with logging residues
Table 5 Average time consumption for each work element when 
bundling logging residues (n=250 bundles) with 27% moisture 
content, and young stems (n=22) with 26% moisture content. 
Standard deviations shown in brackets, and percentage of effective 
time in italic
Work element
Cmin per 1 Mg 
green log. residues, 
S. dev. and %
Cmin per 1 Mg 
green young st., 
S. dev. and %
Crane cycle 4.49  (1.02)  50.8 11.23  (2.80)  63.6
Feeding 0.95  (0.52)  10.7 1.18  (0.39)   6.6
Driving 1.03  (0.85)  11.7 2.47  (1.53)  14.0
Compression 0.75  (0.37)  8.5 1.04  (0.40)  5.9
Tying 1.00  (0.57)  11.3 0.98  (0.31)  5.6
Unloading 0.44  (0.09)  5.0 0.53  (0.11)  3.0
Miscellaneous 0.18  (0.30)  2.0 0.21  (0.24)  1.2
Effective time 8.83  (1.89) 17.63  (3.90)
Delay bundler 0.4  (1.67) 0
Total time 9.23 17.63
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bundling	 logging	 residues	were	 randomly	or	non-
significantly	correlated	to	this	concentration	measure	
(Fig.	4).	However,	for	young	stems,	two	elements	–	
Fig. 3 Effective time required to produce 1 Mg of bundles plotted against the distance driven to collect the material to produce bundles with 
young stems (r2=0.52)
Fig. 4 Time for the work elements loading and driving during loading/bundling required to produce 1 Mg of bundles plotted against distance 
driven to collect the material for logging residues (r2=0.025)
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but	 the	average	volume	was	16	m3	 (full	 forwarder	






bundling logging residues, giving an average con-
Fig. 5 Time required for the work elements loading and driving during loading to produce 1 Mg of bundles compared with distance driven to 
collect the young stems (r2=0.71)
Fig. 6 Composition of material flow (kg DM) when producing one bundle including the peeled off material (Smland material)
Productivity Study of WoodPac Bundling of Logging Residues and Small Stems (139–151) I. Wästerlund and A. Öhlund















































dling time (cf. Table 4).
Production	data	were	based	on	times	recorded	per	
bundle,	and	the	locations	of	the	bundles	produced.	










Table 6 Average time consumption in cmin per Mg green mass 
and per unit volume for each work element when forwarding CRLs 
with 27% MC. Standard deviations shown in brackets
Work element
Cmin per 1 Mg green 
mass
Cmin per m3
Crane out 0.60  (0.02) 0.18  (0.005)
Crane in 0.68  (0.01) 0.21  (0.003)
Driving during loading 0.95  (0.40) 0.29  (0.123)
Driving loaded 0.48  (0.16) 0.15  (0.048)
Gripping 0.10  (0.21) 0.03  (0.065)
Re-gripping 0.01  (0.01) 0
Driving empty 0.89  (0.26) 0.27  (0.079)
Miscellaneous 0.19  (0.09) 0.06  (0.029)
Effective time 3.89  (0.51) 1.19  (0.168)
Delays 0
Total time 3.89 1.19
Fig. 7 Productivity when forwarding CRLs in terms of transported 
volume for a single driving distance
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was	 disrupted	 by	 branches	 sticking	 out	 from	 the	
bunch	and	sometimes	the	string	did	not	attach	to	the	
bundle.	Improvements	to	the	machine	are	already	be-




















































of	 the	fine	material	 is	 left	 in	 the	 forest	when	using	
WoodPac,	which	could	be	advantageous	(see	below).
The	 low	production	with	 young	 stems	may	 be	
caused,	 to	some	extent,	by	 the	 fact	 that	some	trees	
had	to	be	bent	in	back	to	the	chamber,	but	the	major	
problem	in	this	case	was	definitely	the	low	biomass	
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productivity	of	about	50	m3	per	E0. Bundling logging 
residues	would	thus	improve	the	efficiency	of	terrain	
transport	more	than	2.5	fold,	as	indicated	by	Anders-








































































ing	 the	 tumbling	or	 by	 equipping	 the	 rollers	with	
sharper	or	longer	spikes.
Table 7 Possible effective times for production of 1 Mg green ma-
terial with 50% moisture content using the WoodPac bundler
Work element
Cmin per 1 Mg
Logging res
Cmin per 1 Mg
Young stems
Crane cycle 2.43 5.55
Feeding 0.52 1.01





Effective time 4.65 9.16
Bundles per E0 24 12
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Þ  The	 productivity	was	 not	 influenced	 by	 the	
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